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Vibration Characteristics of Langevin-Type
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Abstract

The vibrational characteristics of Langevin-type piezoelectric torsional transducers, which consist of a
couple of piezoelectric discs and a couple of elastic blocks, have been studied theoretically and

experimentally in this paper.

derived in terms of the circumferential displacement and the electric potential.

The differential equations of piezoelectric torsional motion have been

Solutions of the

boundary-value problem have yielded the natural frequencies and mode shapes of the transducers. The
theoretical solutions have been verified by comparing the numerical results with experimental ones.
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Fig. 1 Schematic diagram of the Langevin-type
transducer, consisting of two piezoelectric
disks and two elastic blocks
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Fig. 2 Schematic diagram of a single-layer
transducer
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Fig. 3 Schematic diagram of a two-layer transducer
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Table 1 Electromechanical properties of a PZT

2 (EDO EC-65)

Fig. 4 Symmetric half of the Langevin-type

transducer
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Electromechanical
Properties Values
mass density,
P 7500 kg/m®
permittivity,

8002x 10 "2 C?/Nm?

piezoelectric strain
constant, d5

elastic constant,
E
Sy
piezoelectric stress

584 %10 ¥ C/N

46.9%10" ¥ m?¥/N

constant, & (= dls/Sﬁ) 12.45C/m?
shear modulus,
G(=1/s) 21.3GPa
modified shear modulus,
C(=G+e¥o) 40.7 GPa

Table 2 Elastic properties of aluminum alloy
(2014-T6) and stainless steel(SUS-302)

Properties Values

mass density, 3

2014.T6 y, ¢ | 2800kg/m
shear modules, G 28 GPa

: 3

SUS-302 mass density, o 7920 kg/m
shear modules, G 75 GPa
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Table 3 Comparison of the calculated and
measured natural frequencies of a
symmetric Langevin-type piezoelectric
transducer

natural frequency
mode (kHz) difference
calculated measured %)
1 22.4 19.8 13
2 65.7 58.2 13
3 107 90.7 18
4 148 161 -8

N
‘N

/N

N

(b) 2nd mode (65.7 kHz)

Fig. 5 Mode shapes of the symmetric Langevin-
type transducer
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Fig. 6 Schematic diagram of the asymmetric
Langevin-type transducer
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Table 4 Comparison of the calculated and

measured natural frequencies of an
asymmetric Langevin-type piezoelectric

transducer
natural frequency
mode (kHz) difference
calculated measured (%)
1 15.4 13.7 12
2 30.3 27.7 9
3 44,1 40.9 8
4 61.8 56.0 10
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Fig. 7 Mode shapes of the asymmetric Langevin-
type transducer with different block size
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Fig. 8 Mode shapes of the asymmetric Langevin-
type transducer with different block material
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Fig. 9 Impedance curves of Langevin-type transducers
measured as a function of the frequency
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